###### Strengths and limitations of this study

-   This study provides the first validation data on the Japanese version of the cular Surface Disease Index (J-OSDI) questionnaire as the primary evaluation for dry eye disease (DED) diagnosis.

-   We conducted a cross-cultural adaptability thoroughly compared by a committee of experts for conceptual equivalence.

-   This study confirmed the reliability and validity of the J-OSDI in the 209 patients.

-   The main limitation is that this study was conducted at a single university hospital, which may limit the generalisability of the findings.

-   The validated J-OSDI allows across-country epidemiological comparisons of patient-reported subjective symptoms of DED.

Introduction {#s1}
============

The prevalence of dry eye disease (DED) continues to grow due to several psychosocioeconomic factors, including an increase in digital screen usage time, an ageing population and stressful social environments.[@R1] DED can cause ocular surface damage, eye discomfort and impaired vision and can also lead to substantial economic problems due to decreased quality of life and work productivity.[@R3] Therefore, quantifying the symptoms and severity of DED is important for the diagnosis, monitoring and treatment of the condition.[@R5]

Diagnosis of DED can be made using various methods, including tear film breakup time (TFBUT), ocular surface staining and osmolarity as a homeostasis marker. Additionally, the use of a questionnaire to determine if symptoms of DED are present is recommended as a primary examination method in the DED diagnosis protocol by the TFOS DEWS II Diagnostic Methodology report and in the 2016 Asia Dry Eye Society (ADES) consensus report.[@R7] Although previous research has established a divergence between the subjective symptoms of DED and clinical severity of the disease,[@R9] questionnaires that can quantitatively measure the subjective symptoms of DED are indispensable for DED diagnosis and management.

The 2016 dry eye diagnostic criteria published by the ADES[@R8] recommend that DED be diagnosed according to both subjective symptoms and TFBUT, indicating that subjective symptoms are now widely recognised as playing an important role in DED. We previously showed that this change in diagnostic criteria could lead to a 28.0% increase in DED patients in Japan[@R2]; thus, the need for effective DED treatments may increase in the future. Both the Ocular Surface Disease Index (OSDI) and the Dry Eye-Related Quality-of-Life Score (DEQS)[@R12] are widely used to assess subjective symptoms of DED in Japan, but the reliability and validity of the OSDI have not been confirmed in Japan.[@R13] Determining the reliability and validity of the Japanese version of the OSDI (J-OSDI) is essential for making epidemiological and symptomatic comparisons with other countries.[@R13]

In this study, we developed and evaluated the reliability and validity of the J-OSDI and determined the cut-off value of the J-OSDI total score using the 2016 diagnostic criteria put forth by the ADES.[@R8]

Materials and methods {#s2}
=====================

OSDI questionnaire {#s2-1}
------------------

The OSDI questionnaire contains 12 questions divided into three subscales: ocular symptoms, vision-related function and environmental triggers.[@R13] The questionnaire asks patients to rate each symptom on a 5-point scale according to their frequency, from 'all of the time' (score 4) to 'none of the time' (score 0). The OSDI total score and each subscale score are separately translated to scores of 0--100. According to the OSDI total score, patients are classified as normal (0--12 points), or as having mild (13--22 points), moderate (23--32 points) or severe DED (33--100 points).

Translation of the Japanese version of the OSDI {#s2-2}
-----------------------------------------------

To obtain a scientifically accurate translation and to perform a transcultural validation of the original version of the questionnaire, a forward-backward procedure was applied to translate the OSDI (Allegan, Irvine, California, USA) from English to Japanese following previously established guidelines.[@R17] First, a forward translation was carried out independently by five bilingual ophthalmologists to produce a consensus version. A cultural adaptation was conducted to ensure that the translated questionnaire is easily understandable by Japanese patients. Second, the consensus version was back-translated into English by two native-English researchers and was assessed for comprehensibility. Finally, the original translated and back-translated versions were thoroughly compared by a committee of experts for conceptual equivalence. The J-OSDI is provided for others to use in [online supplementary figure 1](#SP1){ref-type="supplementary-material"}.
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Study design and participants {#s2-3}
-----------------------------

This was a cross-sectional observational study. Adult patients (aged 20 years) who visited the Department of Ophthalmology at Juntendo University Hospital in Tokyo, Japan, between September 2017 to May 2018 were included. Of them, we excluded patients with best-corrected visual acuity (BCVA) values \<20/20 and those with a history of eyelid disorder, ptosis, Parkinson disease, ocular surface surgery, eyelid surgery, hereditary corneal disease or any other disease that could affect blinking. Written informed consent was obtained from all participants. The study was adhered to the tenets of the Declaration of Helsinki as revised in Brazil in 2013.

All patients underwent a complete ophthalmic evaluation for both eyes, including measuring BCVA, intraocular pressure (IOP) and subjective symptoms. Additionally, TFBUT, corneal fluorescein staining (CFS) for keratoconjunctival vital staining, maximum blink interval (MBI) and Schirmer test I for reflex tear production were assessed for both eyes. TFBUT, CFS and Schirmer test I values from the worst eye were examined. The mean value of the MBI was used in accordance with a previous study.[@R20] For each patient, we evaluated the TFBUT, CFS and MBI before performing Schirmer test I. We diagnosed DED and non-DED using the ADES 2016 diagnostic criteria,[@R8] which are based on two positive items: the presence of subjective symptoms and decreased TFBUT (≤5 s).

Environmental conditions {#s2-4}
------------------------

The temperature and humidity of the examination room were controlled at 26°C in the summer and 24°C in the winter with 50% relative humidity, according to the Guideline for Design and Operation of Hospital HVAC Systems established by the Healthcare Engineering Association of Japan.[@R21]

Other instruments for DED diagnosis and management {#s2-5}
--------------------------------------------------

Subjective symptoms were evaluated by interviewing subjects with DED. The DEQS questionnaire was administered to subjects in order to assess the severity of dry eye-associated symptoms and the multifaceted effects of DED on daily life.[@R12] The score derived from this questionnaire is a subjective measurement of DED symptoms, where 0 indicates the best score (no symptoms) and 100 indicates the worst score (maximum symptoms).

TFBUT was measured using a fluorescein dye according to the standard methodology.[@R8] Only a small quantity of dye was administered using the wetted fluorescein strip in order to minimise the effect of the dye on tear volume and TFBUT. Each subject was instructed to blink three times after the dye was applied to ensure adequate mixing of the dye and tears. The time interval between the last blink and the appearance of the first dark spot on the cornea was measured with a stopwatch. The mean value of three measurements was used. A cut-off value of TFBUT ≤5 s was used to diagnose DED.[@R8]

CFS was graded according to the van Bijsterveld grading system,[@R22] which divides the ocular surface into three zones: the nasal bulbar conjunctiva, the temporal bulbar conjunctiva and the cornea. Each zone was evaluated on a scale of 0--3, with 0 indicating no staining and 3 indicating confluent staining. The maximum possible score was thus 9.

The MBI was considered as the length of time that subjects could keep their eyes open before blinking.[@R20] We calculated the MBI twice by stopwatch under a light microscope without using the light. The MBI was recorded as 30 s if the blink interval exceeded 30 s.

Schirmer test I was performed without topical anaesthesia after all other examinations had been completed. Schirmer's test strips (Ayumi Pharmaceutical Co, Tokyo, Japan) were placed on the outer third of the temporal lower conjunctival fornix for 5 min. The strips were then removed, and the length of dampened filter paper (in mm) was recorded.

Statistical analyses {#s2-6}
--------------------

To compare general characteristics between DED and non-DED participants, two-tailed t-tests were used for continuous variables and χ^2^ tests were used for categorical variables. Pearson rank correlation coefficients were calculated to determine the correlations between J-OSDI, DEQS, TFBUT, CFS, MBI and Schirmer test I results. Receiver operating characteristic (ROC) analysis was used to determine the optimal cut-off value of the J-OSDI total score for suspecting DED. The area under the curve (AUC) was computed using the trapezoidal rule. Data are presented as mean±SD or proportion (%). Statistical analyses were performed using STATA V.15 and SPSS Statistics V.1.0.0. P\<0.05 was considered significant.

Reliability {#s2-7}
-----------

The internal consistency of the J-OSDI was assessed using Cronbach's alpha coefficient, with an alpha \>0.70 considered to be acceptable.[@R23] Test--retest reliability was evaluated by calculating the intraclass correlation coefficient (ICC) values from the first and second entries. An ICC value of ≥0.70 was considered acceptable for test--retest reliability.[@R24]

Validity {#s2-8}
--------

Discriminant validity was evaluated by comparing the non-DED and DED groups. For factor validity, confirmatory factor analysis was conducted by an equamax rotation to determine whether the subscales in the J-OSDI clustered together in the same manner as in the original OSDI. Factors with an eigenvalue \>0.90 were retained. Concurrent validity was assessed by calculating the correlations (Pearson coefficients) between the J-OSDI total score or subscale scores and the DEQS or other clinical results, including TFBUT, CFS, MBI and Schirmer test I values.

Patient and public involvement {#s2-9}
------------------------------

No patients were involved in the research design and conception of this research study.

Results {#s3}
=======

Participant characteristics {#s3-1}
---------------------------

[Table 1](#T1){ref-type="table"} shows the general characteristics of the study participants. All subjects responded to the questionnaires, completed the examination and were eligible for the study. Overall, 209 participants were included. The average age was 58.9±15.3 years, and 83.7% of the participants were women. Using the diagnostic criteria put forth by the ADES,[@R8] 152 and 57 patients were classified as DED (72.7%) and non-DED (27.3%), respectively. The mean BCVA value for both eyes was −0.1±0.0 logMAR. The mean IOP for both eyes was 14.0±2.8 mm Hg. Both the J-OSDI total score and the DEQS were significantly higher in the DED group than in the non-DED group, indicating that DED patients showed a greater rate of subjective symptoms. Furthermore, both TFBUT and the MBI were significantly lower in the DED group than in the non-DED group. Neither BCVA, IOP, CFS nor the Schirmer test I results differed significantly between DED and non-DED participants.

###### 

Characteristics of study participants

                                 Non-DED     DED          P value         Total
  ------------------------------ ----------- ------------ --------------- ------------
  Age, year±SD                   61.4±15.5   57.9±15.2    0.149           58.9±15.3
  Gender, female (%)             48 (84.2)   127 (83.6)   1.000           175 (83.7)
  BCVA, logMAR±SD                −0.1±0.0    −0.1±0.0     0.513           −0.1±0.0
  IOP, mm Hg±SD                  14.6±2.9    13.8±2.7     0.062           14.0±2.8
  Subjective symptoms, yes (%)   5 (8.8)     152 (100)    \*\*\*\<0.001   157 (75.1)
  J-OSDI, 0--100±SD              19.4±16.0   37.7±22.2    \*\*\*\<0.001   32.7±29.7
  DEQS, 0--100±SD                16.0±14.7   32.7±21.6    \*\*\*\<0.001   28.1±21.3
  TFBUT, s±SD                    2.5±2.4     1.5±0.8      \*\*\*\<0.001   1.7±1.5
  CFS, 0--9±SD                   2.8±2.5     3.3±2.6      0.192           3.2±2.6
  Schirmer I, mm±SD              7.2±8.2     5.7±6.2      0.162           6.1±6.8
  MBI, s±SD                      15.1±8.1    10.5±6.3     \*\*\*\<0.001   11.7±7.1

P values were determined using the Student's t-test (two-tailed) for continuous variables and the χ^2^ test for categorical variables.

\*\*\*p\<0.001.

BCVA, best-corrected visual acuity; CFS, corneal fluorescein staining;DED, dry eye disease; DEQS, Dry Eye-Related Quality-of-Life Score; IOP, intraocular pressure; J-OSDI, Japanese version of Ocular Surface Disease Index; MBI, maximum blink interval; TFBUT, tear film breakup time.

Reliability {#s3-2}
-----------

We tested the J-OSDI total score and subscale scores for internal consistency and test--retest reliability, and the results are shown in [table 2](#T2){ref-type="table"}. For internal consistency, the Cronbach's alpha coefficient was 0.884 for the J-OSDI total score and 0.788, 0.669 and 0.902 for the ocular symptoms, vision-related function and environmental triggers subscales, respectively. Test--retest reliability was evaluated in 173 participants, with a median (IQR) period of 119 (81--182) days between the test and retest. The ICC values were 0.910, 0.649, 0.817 and 0.859 for the J-OSDI total score, ocular symptoms subscale, vision-related function subscale and environmental triggers subscale, respectively.

###### 

Reliability for each subscale

                            No of items   Cronbach\'s αlpha   ICC
  ------------------------- ------------- ------------------- -------
  J-OSDI total score        12            0.884               0.910
  Ocular symptoms           5             0.788               0.649
  Vision-related function   4             0.669               0.817
  Environmental triggers    3             0.902               0.859

ICC, intraclass correlation coefficient; J-OSDI, Japanese version of the Ocular Surface Disease Index.

Discriminant validity {#s3-3}
---------------------

[Table 3](#T3){ref-type="table"} shows the mean values for the J-OSDI total score, each of the subscale scores and each of the component scores. The mean J-OSDI total score was significantly higher in the DED group than in the non-DED group (DED, 37.7±22.2; non-DED, 19.4±16.0; p\<0.001). Additionally, all three subscales were significantly higher in the DED group than in the non-DED group (ocular symptoms: DED, 34.6±21.6; non-DED, 20.9±17.4; p\<0.001; vision-related function: DED, 36.5±27.7; non-DED, 20.8±22.0; p\<0.001; environmental triggers: DED, 45.2±29.7; non-DED, 15.5±19.8; p\<0.001). Eleven of the 12 (92%) component scores were significantly higher in the DED group than in the non-DED group, with only question 2 showing a non-significant difference.

###### 

J-OSDI score for each question

  Classification, score ±SD, score                     Non-DED     DED         P value         Total
  ---------------------------------------------------- ----------- ----------- --------------- -----------
  J-OSDI total score, 0--100                           19.4±16.0   37.7±22.2   \*\*\*\<0.001   32.7±22.2
   Ocular symptoms, 0--100                             20.9±17.4   34.6±21.6   \*\*\*\<0.001   30.9±21.4
   1. Eyes that are sensitive to light?                0.8±0.9     1.5±1.3     \*\*\*\<0.001   1.3±1.3
   2. Eyes that feel gritty?                           0.8±1.2     1.0±1.0     0.338           1.0±1.1
   3. Painful or sore eyes?                            0.4±0.7     1.0±1.0     \*\*\*\<0.001   0.8±1.0
   4. Blurred vision?                                  1.1±1.0     1.6±1.2     \*\*0.002       1.5±1.2
   5. Poor vision?                                     1.1±1.1     1.8±1.3     \*\*\*\<0.001   1.6±1.3
   Vision-related function                             20.8±22.0   36.5±27.7   \*\*\*\<0.001   32.2±27.2
   6. Reading?                                         0.8±1.1     1.6±1.3     \*\*\*\<0.001   1.4±1.3
   7. Driving at night?                                0.4±0.6     1.1±1.4     \*0.022         0.9±1.3
   8. Working with a computer or bank machine (ATM)?   1.1±1.3     1.6±1.4     \*0.030         1.5±1.4
   9. Watching TV?                                     0.7±1.0     1.3±1.2     \*\*0.002       1.1±1.1
   Environmental triggers                              15.5±19.8   45.2±29.7   \*\*\*\<0.001   37.1±30.4
   10. Windy conditions?                               0.7±0.9     1.9±1.4     \*\*\*\<0.001   1.5±1.3
   11. Places or areas with low humidity (very dry)?   0.5±0.8     1.6±1.3     \*\*\*\<0.001   1.3±1.3
   12. Areas that are air conditioned?                 0.6±0.9     2.0±1.3     \*\*\*\<0.001   1.6±1.3

P values were determined using the Student's t-test.

\*p\<0.05, \*\*p\<0.01 and \*\*\*p\<0.001.

DED, dry eye disease; J-OSDI, Japanese version of Ocular Surface Disease Index.

Factor validity {#s3-4}
---------------

Factor validity was assessed by confirmatory factor analysis to determine the subscales. As shown in [figure 1](#F1){ref-type="fig"}, correspondent with the three homogeneous content domains that were identified and constructed, three factors were rotated to an equamax solution. These three factors accounted for 71.9% of the total variance, and each factor comprised sets of items that were interpretable and relevant in content. Factor 1, accounting for 53.0% of the total variance and 23.6% of the common variance, comprised items assessing the frequency of ocular symptoms (five items). Factor 2, accounting for 11.1% of the total variance and 22.8% of the common variance, comprised items assessing the frequency of vision-related function (four items). Factor 3, accounting for 7.7% of the total variance and 17.7% of the common variance, comprised items assessing the frequency of environmental triggers (three items). All factors were in accordance with the subscales in the original version. The factor matrix of each J-OSDI component can be viewed in [online supplementary table 1](#SP2){ref-type="supplementary-material"}. All subscales and the total instrument underwent formal reliability and validity testing.
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![Three subscales of the J-OSDI as determined by factor analysis. The existence of three clusters that were used as subscales are shown. These were in accordance with the subscales that are used in the original version of the OSDI: vision-related function (components 1--5), ocular symptoms (components 6--9) and environmental triggers (components 10--12).](bmjopen-2019-033940f01){#F1}

Concurrent validity {#s3-5}
-------------------

[Table 4](#T4){ref-type="table"} shows the correlations between the J-OSDI total score, subscale scores and other clinical items related to DED diagnosis, including DEQS, TFBUT, CFS, Schirmer test I results and the MBI. The J-OSDI total score showed a significant strong positive correlation with the DEQS (γ=0.829). Among the clinical items related to DED diagnosis, there was a modest but significant negative correlation between the J-OSDI total score and MBI (γ=−0.258). The subscales were each significantly and positively correlated with the DEQS (γ=0.786, 0.702 and 0.650, respectively), while ocular symptoms and environmental triggers were significantly and negatively correlated with the MBI (γ=−0.195 and −0.370, respectively).

###### 

Correlation between the J-OSDI total score and other clinical assessments

  Clinical items   J-OSDI total score   Ocular symptoms   Vision-related function   Environmental triggers                                     
  ---------------- -------------------- ----------------- ------------------------- ------------------------ -------- --------------- -------- ---------------
  DEQS             0.829                \*\*\*\<0.001     0.786                     \*\*\*\<0.001            0.702    \*\*\*\<0.001   −0.650   \*\*\*\<0.001
  TFBUT            −0.066               0.349             −0.044                    0.532                    −0.057   0.416           −0.131   0.063
  CFS              0.018                0.791             −0.013                    0.852                    −0.137   \*0.049         0.161    \*0.022
  Schirmer I       −0.090               0.195             −0.013                    0.844                    −0.071   0.311           −0.129   0.067
  MBI              −0.283               \*\*\*\<0.001     −0.215                    \*\*0.002                −0.135   0.053           −0.407   \*\*\*\<0.001

Pearson rank correlation coefficient was used to determine the correlations between the J-OSDI total score and subscale scores and various clinical assessments.

\*p\<0.05, \*\*p\<0.01 and \*\*\*p\<0.001.

CFS, corneal fluorescein staining; DEQS, Dry Eye-Related Quality-of-Life Score;J-OSDI, Japanese version of the Ocular Surface Disease Index; MBI, maximum blink interval; TFBUT, tear film breakup time.

J-OSDI severity results and cut-off value for detecting DED {#s3-6}
-----------------------------------------------------------

[Figure 2A](#F2){ref-type="fig"} shows the proportion of DED participants in each severity category as determined by the J-OSDI total score. The clinically diagnosed DED patients were divided according to their J-OSDI scores as follows: 22.0% were categorised as normal, 17.2% were categorised as mild DED, 12.9% were categorised as moderate DED and 47.8% were categorised as severe DED. [Figure 2B](#F2){ref-type="fig"} shows the proportion of patients who were clinically diagnosed with DED in each severity category determined by the J-OSDI total scores. Overall, 47.8% of the patients who were classified as normal by their J-OSDI total score were clinically diagnosed with DED, while 66.7%, 74.0% and 86.0% of patients classified as mild, moderate and severe, respectively, were clinically diagnosed with DED. [Figure 2C](#F2){ref-type="fig"} shows the ROC curve of the J-OSDI total score from the non-DED and DED groups, which was used to determine the diagnostic efficacy of the J-OSDI total score. The optimum cut-off value for detecting DED was 36.3 points, with an AUC, sensitivity and specificity of 0.744, 51.3% and 87.7%, respectively. [Online supplementary table 1](#SP2){ref-type="supplementary-material"} shows the details of the J-OSDI total score sensitivity and specificity analysis.

![Clinical utility of the J-OSDI for evaluating DED. (A) The proportion of patients in each DED severity category as determined by the J-OSDI total score. (B) The proportion of patients who were clinically diagnosed with DED by category of severity according to the J-OSDI total score. (C) The receiver operator characteristic (ROC) curve for the diagnosis of DED determined by the Asia Dry Eye Society 2016 criteria using the J-OSDI. The area under the ROC curve (AUC) is 0.744.](bmjopen-2019-033940f02){#F2}

Discussion {#s4}
==========

This study developed, and assessed the reliability and validity, of the J-OSDI, which is the Japanese version of OSDI, and determined a cut-off value for detecting DED using the ADES diagnostic criteria of 2016. Our results validate the use of the J-OSDI in Japan and make it possible to compare epidemiological results between Japan and other countries.

In this study, the J-OSDI total score showed both high internal consistency and test--retest reliability ([table 2](#T2){ref-type="table"}). The factor analysis confirmed three subscales within the J-OSDI, ocular symptoms, vision-related function, and environmental triggers, in accordance with the subscales in the original English version ([figure 1](#F1){ref-type="fig"}).[@R13] The environmental triggers subscale showed good internal consistency and reliability, whereas the other two subscales, ocular symptoms and vision-related function, showed lower internal consistency and reliability compared with environmental triggers. Vision-related function only showed modest internal consistency. Internal consistency denotes whether all items of an instrument measure the same characteristic.[@R25] In the sensitivity analysis, deleting question item 7 (ie, night driving) provided the highest ICC value of 0.74 ([online supplementary table 2](#SP2){ref-type="supplementary-material"}). This study was conducted in central Tokyo, where the traffic network was developed, and numerous elderly people were included. Therefore, question item 7 on night driving may have affected the internal consistency. This result indicates that the question items included in OSDI need to be adjusted to the changing demands. The ocular symptoms of DED patients have typically varied because of the known fluctuations in the subjective symptoms of DED,[@R26] thus violating this assumption of reliability.

The discriminant validity of the J-OSDI was verified from the finding that the J-OSDI total score and subscale scores were significantly higher in the DED group than in the non-DED group ([table 3](#T3){ref-type="table"}). Further, the percentage of participants who were clinically diagnosed with DED increased proportionally in each severity category, indicating that the J-OSDI total score can discriminate DED ([figure 2B](#F2){ref-type="fig"}). Our study also determined that the optimal J-OSDI total score cut-off value for detecting DED according to the ADES criteria was 36.3. One previous study reported an OSDI total score cut-off value of 15.[@R13] However, the difference between this cut-off value and that of the current study is probably the result of differences in the methods used to clinically diagnose the severity of DED, as the previous study used lissamine green staining, Schirmer test I, and patient perception of ocular symptoms. In contrast, the current study used TFBUT as an essential part of the diagnostic criteria.[@R7] [Online supplementary table 3](#SP2){ref-type="supplementary-material"} shows the sensitivity and specificity of our reported optimal cut-off value and the sensitivity and specificity for the different severity categories: normal (0--12), mild (13--22), moderate (23--32) and severe (33--100).[@R13] Our results suggest that it is necessary to re-evaluate the OSDI total score cut-off values for diagnosis and the severity categories to reflect the changes made to the diagnostic criteria for DED.[@R7]

[Table 4](#T4){ref-type="table"} shows the correlations between the J-OSDI total score and other clinical tests, including DEQS, TFBUT, CFS, MBI and Schirmer test I. The J-OSDI total score showed a strong positive correlation with the DEQS. Because the DEQS has been validated in Japan,[@R12] this result supports the use of the J-OSDI as a valid method of quantifying subjective symptoms. In contrast, the respective correlations between the J-OSDI total score and TFBUT, CFS and Schirmer I were relatively low. This is consistent with previous studies that reported low correlations and high divergence between subjective symptoms assessed by questionnaires and clinical tools,[@R2] underscoring the importance of combining knowledge about subjective symptoms and clinical tools in order to effectively evaluate and monitor DED. Our group[@R20] has proposed the MBI as a simple self-check screening test for DED because it is highly correlated with subjective symptoms compared with other dry eye items ([table 4](#T4){ref-type="table"}). Because of the divergence between the subjective and clinical symptoms of DED,[@R2] it is necessary to perform multilateral evaluations using not only the OSDI total scores but also the subscales and each component. In the present study, we assessed the respective relationship between each subscale and various clinical tools for DED examination and found that the ocular symptoms and environmental trigger subscales were negatively correlated with MBI. We recently reported that the MBI is also significantly associated with TFBUT and CFS.[@R20] Our previous results and those of this study suggest that the MBI reflects both TFBUT and CFS results, possibly explaining its negative correlation with the ocular symptoms and environmental triggers subscale scores of the J-OSDI.

This study has several limitations. First, it was conducted at a single university hospital in Japan, possibly introducing selection bias into our sample. Second, under the simplified ADES diagnostic criteria, those with low TFBUTs can still be classified as non-DED due to lack of subjective symptoms; thus, our non-DED group showed a low TFBUT. Third, the test--retest method that we used to confirm reliability introduced recall bias due to the required length of the test--retest period between 2 days and 2 weeks.[@R34] Next, we did not account for differences in variables such as socioeconomic status or education level, possibly affecting the responses. Finally, this study was designed to investigate the J-OSDI as a primary evaluation and monitoring method for DED. Thus, rose bengal stain scores, tear osmolality, meibomian gland dysfunction assessments and corneal sensations were not applied in this study. Despite these limitations, we verified the reliability and validity of the J-OSDI for DED assessment and monitoring in Japan.

In summary, we developed and validated the J-OSDI by assessing its reliability and validity. We report that a J-OSDI score of 36.3 is the optimal cut-off value for suspecting DED under the 2016 ADES criteria. We believe that the J-OSDI will be useful for primary assessment and monitoring of DED in routine clinical practice and in remote diagnosis.
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